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Abstract 
We report a broadband RF channelizer based on an integrated optical frequency Kerr micro-comb source, with an RF channelizing 
bandwidth of 90 GHz, a high RF spectral slice resolution of 1.04 GHz, and experimentally verify the RF performance up to 19 
GHz. This approach to realizing RF channelizers offers reduced complexity, size, and potential cost for a wide range of applications 
to microwave signal detection. 
 
I. INTRODUCTION 
Detecting and analyzing microwave signals with large instantaneous bandwidth is essential for a wide range of 
applications in satellite communications, electronic warfare, and radar systems [1-10]. RF channelizers, which can 
slice the RF spectrum into frequency channels with digital-compatible bandwidths [11], serve as one of the most 
attractive approaches for RF signal detection and analysis. Conventional RF channelizers typically employ a bank of 
RF filters, thus are subjected to limitations of the electrical bandwidth bottleneck. Photonic techniques are promising 
solutions for RF channelizers, offering large bandwidths and strong immunity to electromagnetic interference.  
Early approaches to photonic RF channelizers, where RF signals were transmitted over single optical wavelengths 
and then physically split for spectral channelizing, were achieved via diffraction gratings [12], acousto-optic crystals 
[13], fiber gratings [14], and integrated devices [15]. However, those approaches required a large set of narrow, 
spectrally dense and precisely centered filter banks, hence suffering from limitations in spectral slice resolution, 
available number of channels and footprint.  
Recent approaches have been demonstrated based on multicasting RF signals onto multiple optical wavelengths via 
stimulated Brillouin scattering [16-18], parametric processes in nonlinear fiber [19, 20], spectrally sliced incoherent 
sources [21], discrete laser arrays [22], or electro-optic modulator-based frequency combs [11, 23, 24]. Other 
approaches relying on wavelength scanning structures [25] or dispersive Fourier transformations [26] have also been 
proposed, but all of these face limitations including channel number and spectral slice resolution, as well as increased 
complexity and potential cost because of the need for many discrete components, such as external RF sources and 
mode-locked lasers. Integrated micro-comb sources [27-31], particularly those based on CMOS-compatible platforms 
[32-40], offer many advantages for broadband RF channelizers compared with conventional multi-wavelength sources, 
such as a much higher number of wavelengths [41-50] and greatly reduced footprint and complexity. 
Here, we report a broadband RF channelizer based on an integrated optical frequency comb source. By using an on-
chip Kerr comb source consisting of an active nonlinear micro-ring resonator (MRR) that yields a broadband 200 GHz-
spaced comb, in combination with a passive on-chip MRR with a free spectral range (FSR) of 49 GHz and Q factor of 
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1.55×106, we realize an RF channelizer with a large number 
of channels (20 over the C-band and > 60 over the C/L-
bands) and an RF bandwidth approaching 100 GHz. We 
verify the RF performance experimentally at frequencies up 
to 19 GHz, achieving a high spectral slice resolution of 1.04 
GHz. In addition to high RF performance, this approach 
offers a reduced footprint, lower complexity, and 
potentially lower cost. 
II. PRINCIPLE 
Figure 1 shows a diagram of the broadband RF channelizer. 
Kerr combs were generated in an integrated active MRR 
pumped by a tunable CW laser and amplified by an erbium-
doped fibre amplifier. A tunable optical bandpass filter was 
used to suppress the amplified spontaneous emission noise 
from the amplifier, while a fibre polarization controller was 
used to optimize the power in the waveguide. When the 
wavelength of the pump light was tuned to one of the active 
MRR resonances with the pump power high enough to 
provide sufficient parametric gain, optical parametric 
oscillation occurred, ultimately generating Kerr optical combs with equal spacing δOFC (~ 200 GHz). In the wavelength 
range of the channelizer, the frequency of the kth (k=2, 3, 4, …) comb line is  
 f
OFC
(k)=f
OFC
(1)+(k-1)δ
OFC
 (1) 
where fOFC(1) is the frequency of the first comb line used on the red side. The Kerr combs were then shaped (flattened) 
by a Waveshaper and directed to a phase modulator (PM), where the input broadband RF signal was multicast onto 
each wavelength. Finally, the 200 GHz comb lines, each imprinted with the RF spectrum to be measured, were 
spectrally sampled, or sliced, by a separate passive high-Q MRR with an FSR of 49 GHz, where we used every 4th 
resonance for spectral slicing, corresponding to an equivalent spacing δMRR of ~196 GHz, and so the RF spectrum on 
the different 200 GHz-spacing comb lines are sampled sequentially with approximately a 4 GHz shift between adjacent 
comb lines. The output channelized RF frequencies can be given by: 
 f
RF
(k)=f
MRR
(k)-f
OFC
(k) 
= [f
MRR
(1)-f
OFC
(1)]+(k-1)(δMRR-δOFC) 
(2) 
   
where fRF(k) is the kth channelized RF frequency, fMRR(k) is the kth centre frequency of the filtering MRR. Here, 
[fMRR(1)– fOFC(1)] is the relative spacing between the first comb line and adjacent filtering resonance, corresponding to 
the offset of the channelized RF frequencies, and (δOFC – δMRR) corresponds to the channelized RF frequency step 
between adjacent wavelength channels. In principle, the RF channels can readily be separated by an optical 
demultiplexer such as an arrayed waveguide grating with a channel spacing matching the FSR (or a multiple) of the 49 
 
Fig. 1.  Schematic diagram of the broadband RF channelizer based on an 
integrated optical comb source. Amp: erbium-doped fibre amplifier. OBPF: 
optical bandpass filter. PC: polarization controller. MRR: micro-ring 
resonator. OC: optical coupler. PM: phase modulator. Temp. Con.: 
temperature controller. DEMUX: de-multiplexer. Rx: Receiver. OSA: Optical 
spectrum analyzer. 
 
 
Fig. 2.  Schematic illustration of the (a) 200 GHz-FSR MRR and (b) 49 GHz-FSR MRR.  (c) SEM image of the cross-section of the 200 GHz MRR before 
depositing the silica upper cladding. 
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GHz MRR. Then RF signals can be detected via homodyne detection, where the flattened comb lines are first separated 
out before phase modulation and serve as the local oscillators (LO), then coupled together with the channelized RF 
optical sidebands and coherently detected for post processing. In this work, however, we measured the broadband 
optical spectrum to verify the feasibility of our approach, deferring channel demultiplexing and RF detection to a future 
work. We note that owing to the large number of wavelengths provided by the on-chip micro-comb, the RF channelizer 
featured a large number of wavelength channels, thus enabling broadband RF channelizing with digital-compatible 
channel bandwidths.  
III. EXPERIMENT 
The MRRs (Fig. 2(a, b)) were fabricated in a high-index doped silica glass platform using CMOS compatible 
fabrication processes. First, high-index (n = ~1.70 at 1550 nm) doped silica glass films were deposited using standard 
plasma enhanced chemical vapour deposition (PECVD), then patterned photo-lithographically and etched via reactive 
ion etching to form waveguides with exceptionally low surface roughness. Finally, silica glass (n = ~1.44 at 1550 nm) 
was deposited via PECVD as an upper cladding. The advantages of our platform for nonlinear OPOs include ultra-low 
linear loss (~0.06 dB‧ cm−1), a moderate nonlinearity parameter (~233 W−1‧ km−1), and in particular a negligible 
nonlinear loss up to extremely high intensities (~25 GW‧ cm−2) [28]. The low linear loss enabled the ring resonators 
to achieve Q factors > 1×106. A scanning electron microscope (SEM) image of the cross-section of the 200 GHz MRR 
before depositing the SiO2 upper cladding is shown in Fig. 2(c). The radii of the active MRR (for comb generation) 
and the passive MRR (for spectral slicing) were ~135 μm and ~ 592 μm, corresponding to FSRs of ~1.6 nm (~200 
GHz) and ~0.4 nm (~49 GHz), respectively. After packaging the device with fibre pigtails, the through-port insertion 
loss was ~3.5 dB for the 200 GHz MRR and ~1.5 dB for the 49 GHz MRR. 
To generate Kerr combs, the pump power was boosted to ~500 mW and the wavelength was swept from blue to red. 
When the pump wavelength was tuned close to the resonance of the active MRR, primary combs were generated (Fig. 
3(a)). Signal and idler lines were generated in the S-band and L-bands respectively, and the spacing between the signal 
and pump was 19 FSR, or 3.8 THz, determined by the parametric gain curve. When the detuning between the pump 
wavelength and the adjacent resonance was further changed, the parametric gain lobes broadened and secondary comb 
lines with a spacing equal to the FSR appeared via cascaded four wave mixing. Finally, flat Kerr combs were generated 
with the pump wavelength set to 1548.58 nm. As shown in Fig. 3(b–c), the resulting Kerr comb was over 200-nm wide, 
covering four bands (S, C, L, U) and was relatively flat over the full C and L bands, thus enabling a record large number 
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of wavelengths (20 over the C-band and > 60 over the C/L-bands). The large Kerr comb spacing also yielded an 
increased Nyquist zone, corresponding to an RF bandwidth of >100 GHz. This bandwidth is extremely challenging for 
mode-locked lasers and externally-modulated comb sources to achieve [41–44].  
 While the spectral profile of our comb was not indicative of operation in the single cavity soliton regime, we do not 
 
Fig. 3.  Optical spectrum of (a) the primary comb, (b) the secondary comb, (c) the Kerr comb with 300 nm span, (d) the shaped optical comb for the channelizer 
with less than 0.5 dB unflatness, (e) 20 and (f) selected 4 comb lines modulated by RF signals. 
 
Fig. 4.  Drop-port transmission spectrum of the on-chip 49 GHz MRR (a) with a span of 5 nm, (b) showing an FSR of 49 GHz, and (c) a resonance at 193.294 
THz with full width at half maximum (FWHM) of 124.94 MHz, corresponding to a Q factor of 1.549×106. 
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foresee any potential limitations related to that, given the range of Q factors and nonlinear figure of merit that we can 
achieve. In addition, from theoretical analysis of what we have observed, it is evident that the Kerr comb was working 
under “partially coherent” conditions that features stable phase and amplitude. In fact, the spatial patterns of what we 
observed appear to be similar to the so called “soliton molecules” [50, 51], which feature reasonably low intensity 
noise comparable with that of cavity solitons. 
We note that since the comb source serves as both the optical carrier for RF sideband generation as well as the LO 
for RF receiving, the channelized RF optical sidebands and LOs are inherently coherent, and thus strictly phase-locked 
comb lines are not necessary―which, in fact, is an advantage when comparing with RF coherent receivers [52]. Neither 
is the coherence between adjacent WDM channels required since they are not beating with each other. 
The 20 channels of the Kerr comb over the C-band were then shaped by a Waveshaper (Finisar 4000S) to get uniform 
channel weights. A feedback control path was introduced to read and shape the comb lines’ power accurately, which 
were first detected by an optical spectrum analyser and then compared with the ideal weights (uniform in our case). 
This allowed us to generate an error signal to feed back into the waveshaper in order to calibrate the system and achieve 
accurate comb shaping and flatness of the comb envelope to within ± 0.3 dB (Fig. 3(d)). The phase modulator was then 
used to multicast the input RF signal onto each comb line. Figures. 3(e–f) show the optical spectra of the flat comb 
lines modulated by the RF signal. The number of equalized channels (20) was limited to the C-band by the bandwidth 
of the waveshaper. In principle the number of wavelengths could easily be increased up to 60 by using a combined 
C+L band waveshaper. Next, the multicast RF signal on each wavelength channel was spectrally sliced by the passive 
49 GHz MRR. Figures. 4(a–b) show the drop-port transmission of the MRR over a 5nm range, showing an FSR of ~49 
GHz (~0.4nm) over 152 modes (labelling the mode at 193.294 THz as 0). The transmission of a single resonance (Fig. 
4(c)) shows a full width at half maximum (FWHM) of 124.94 MHz, corresponding to a Q factor of 1.549×106, and a 
20dB bandwidth of 1.04 GHz, which determines the RF resolution. This RF resolution is compatible with state-of-the-
art analog-to-digital converters [3], thus leading to digital-compatible broadband RF channelization.  
To illustrate the principle of operation of our RF channelizer, we plot the measured 200 GHz comb spectrum and 
transmission of the 49 GHz passive MRR (highlighting every 4th resonance that closely aligns with the 200 GHz comb) 
in the same figure (Fig. 5(a)). Zoom-in views in Fig. 5(a) show that over the 20 comb channels that are generated across 
the C-band, the relative shift between the 200 GHz comb lines and every 4th resonance of the 49 GHz MRR, which 
corresponds to the RF spectral sliced frequencies, ranges from 3.89 to 88.65 GHz. The frequencies and relative spacing 
of the 200 GHz comb and 49 GHz MRR are linearly fit and shown in Fig. 5(b), where we see that the fit comb spacing 
is δOFC = 200.44 GHz and the fit FSR of the spectrally sliced resonances (i. e., δMRR is the frequency spacing between 
every 4th resonance of the 49 GHz MRR) is δMRR = 196.01 GHz, thus resulting in a channelized RF frequency step 
between adjacent channels (δOFC – δMRR) of 4.43 GHz. 
We measured the RF performance of the channelizer up to 20 GHz – the limit of our equipment. This only required 
4 wavelengths or channels of the 20 channels shown in Figure 5, corresponding to four RF frequencies ranging from 
 
Fig. 5.  (a) The measured optical spectrum of the 200GHz micro-comb and transmission of 49GHz MRR. Zoom-in views of the channels with different channelized 
RF frequencies. (b) Extracted channelized RF frequencies, inset shows corresponding optical frequencies of the comb lines and spectral slicing resonances.  
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1.7 to 19.0 GHz. We measured the output of the 49 GHz passive MRR with an optical spectrum analyzer (Fig. 6), 
showing that optical RF sidebands with different RF frequencies had been channelized at different optical wavelengths. 
As Fig. 6(a) shows, optical-carrier RF tones at frequencies of 1.7 GHz, 6.3 GHz, 11.2 GHz, and 15.8 GHz were output 
at four different wavelength channels, corresponding to an RF frequency step between adjacent wavelength channels 
of ~ 4.8 GHz, in agreement with Fig. 5. The power leakage of channel 4 was mainly due to spurious optical carrier 
tones, which could be reduced by adopting an optimized modulation format such as carrier-suppressed single-sideband 
modulation.  
In order to make full use of the RF resolution of our system (1 GHz) and bridge the gap formed by the ~ 4.8 GHz 
RF step size, we used temperature tuning [31, 53] of the passive MRR to continuously control the relative spacing 
between the source and filtering MRRs’ resonances (fMRR(1)– fOFC(1)), where a millisecond time-scale thermal response 
time is expected. Figures. 6(a–d) show the output optical spectra with temperatures ranging from 24.0°C to 25.5°C. As 
reflected in Fig. 6(e), the offset of the channelized RF frequencies increased with a slope of ~1GHz/°C. By combining 
the fine resolution temperature tuning with the 4.8 GHz RF 
 
Fig. 6. RF response.  Measured optical spectrum of 49 GHz MRR’s output with different input RF frequencies, with the temperature of the 49 GHz MRR set to 
(a) 24.0°C, (b) 24.5°C, (c) 25.0°C, and (d) 25.5°C. (e) Channelized RF frequencies at different wavelength channels with different temperatures.  
 
Fig. 7.  Channelized RF frequencies at different channels.  
 
 
Fig. 8.  Extracted extinction ratio of channelized RF signals. 
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increment across 60 channels over the C/L-bands, this device is capable of achieving an ultrawide RF bandwidth of 
over 100 GHz. Figure 7 shows the experimental channelized RF frequencies of the different optical channels extracted 
from Fig. 6, covering an RF bandwidth from 1.7 to 19.0 GHz, limited by the bandwidth of our RF modulator, verifying 
the effectiveness of thermal tuning to generate the broad operation bandwidth of our approach. Figure 8 shows the 
extinction ratio (ER) of the wavelength channels (i.e., the optical power ratio of the signal channel to the maximum of 
other channels) extracted from Figs. 6(a–d), showing up to 20 dB ER. The non-uniformity in optical power of the 
different channels mainly arose from the amplifier spectral gain profile, and this can be mitigated by using gain 
flattening filters. The extinction ratio was also limited by excess noise of the second EDFA when adapting the 
optimized RF modulation format to increase the OSNR. In this case, using lower noise EDFAs would enhance the 
performance. Moreover, the employed thermal controllers of the active and passive MRRs featured an accuracy of 
0.01°C, corresponding to an error of ~50 MHz for the channelized RF frequencies, which can be eliminated via precise 
thermal control or a feedback loop to achieve high performance in practical applications. 
Although employing thermal tuning brought challenges for simultaneous full RF spectrum channelizing, it 
nonetheless allowed us to demonstrate the potential and novelty of our approach. In addition, we note that thermal 
tuning is not necessary, provided the RF frequency step between adjacent wavelength channels (i.e., the FSR difference 
between the active MRR and the passive MRR) is equal to the spectral slicing resolution (i.e, the 20dB bandwidth of 
the passive MRR), which can be achieved via precise lithographic control of the FSRs of the MRRs. For example, 
given δOFC=200 GHz, then designing the passive MRR such that δMRR=199 GHz, still with a 1 GHz 20dB-bandwidth, 
would result in a channelized RF frequency step of 1 GHz and a spectral slicing resolution of 1 GHz at the same time. 
Thus, the full RF spectra could be simultaneously channelized with 1GHz resolution without the need for temperature 
tuning. While the RF operation bandwidth, given by the product of channel number and resolution, would be slightly 
less than the device reported here, at 60 GHz for 60 wavelengths (channels) across the C/L bands, this could be 
increased by using a smaller FSR comb (eg., 100 GHz vs. 200 GHz).  
Finally, we note that our scheme generates RF output based on homodyne detection, whereas down-conversion of 
the channelized RF signal would require heterodyne detection where a second optical frequency comb with specially 
designed FSR and offset is required. Recent advances in dual-comb spectroscopy provide new possibilities for that 
[23, 54-56]. By employing integrated dual micro-combs with specially designed FSRs and offsets for heterodyne 
detection [57-59], broadband RF signals can be channelized and down-converted into digital bandwidths for direct 
analog-to-digital conversion and post processing, thus offering a highly competitive approach for integrated photonic 
RF receivers. 
IV. CONCLUSION 
We demonstrate a broadband RF channelizer based on a CMOS-compatible integrated optical frequency comb 
source. Broadband 200 GHz-spacing Kerr combs with a large number of comb lines were generated by an active on-
chip micro-ring resonator, providing a record large number of wavelength channels as well as an RF operation 
bandwidth of about 100 GHz. We demonstrate the broadband channelization of RF frequencies from 1.7 GHz to 19 
GHz with a high spectral slice resolution of 1 GHz via thermal tuning of a passive on-chip MRR with a Q factor of 
1.549×106. This micro-comb based RF channelizer is highly attractive for achieving broadband RF channelization with 
large channel numbers, high resolution, small footprint, and potentially low cost. 
REFERENCES 
[1] J. Capmany and D. Novak, “Microwave photonics combines two worlds,” Nat. Photonics, vol. 1, no. 6, pp. 319-330, Jun. 
2007. 
[2] J. P. Yao, “Microwave Photonics,” J. Lightwave Technol., vol. 27, no. 1-4, pp. 314-335, Jan. 2009. 
[3] S. L. Pan and J. P. Yao, “Photonics-Based Broadband Microwave Measurement,” J. Lightwave Technol., vol. 35, no. 16, pp. 
3498-3513, Aug. 2017. 
[4] J. Azana, C. Madsen, K. Takiguchi, and G. Cincotti, “Guest editorial - Optical signal processing,” J. Lightwave Technol., vol. 
24, no. 7, pp. 2484-2486, Jul. 2006. 
[5] D. Marpaung, M. Pagani, B. Morrison, and B. J. Eggleton, “Nonlinear Integrated Microwave Photonics,” J. Lightwave 
Technol., vol. 32, no. 20, pp. 3421-3427, Oct. 2014. 
[6] R. A. Minasian, “Ultra-Wideband and Adaptive Photonic Signal Processing of Microwave Signals,” IEEE J. Quantum Elect., 
vol. 52, no. 1, Jan. 2016.  
 8 
 
8 
[7] X. H. Zou, B. Lu, W. Pan, L. S. Yan, A. Stohr, and J. P. Yao, “Photonics for microwave measurements,” Laser Photonics 
Rev., vol. 10, no. 5, pp. 711-734, Sep. 2016.  
[8] K. Xu, R. X. Wang, Y. T. Dai, F. F. Yin, J. Q. Li, Y. F. Ji, and J. T. Lin, “Microwave photonics: radio-over-fiber links, 
systems, and applications,” Photonics Res., vol. 2, no. 4, pp. B54-B63, Aug. 2014. 
[9] S. L. Pan, D. Zhu, S. F. Liu, K. Xu, Y. T. Dai, T. L. Wang, J. G. Liu, N. H. Zhu, Y. Xue, and N. J. Liu, “Satellite Payloads 
Pay Off,” IEEE Microw. Mag., vol. 16, no. 8, pp. 61-73, Sep. 2015. 
[10] H. W. Chen, R. Y. Li, C. Lei, Y. Yu, M. H. Chen, S. G. Yang, and S. Z. Xie, “Photonics-Assisted Serial Channelized Radio-
Frequency Measurement System With Nyquist-Bandwidth Detection,” IEEE Photonics J., vol. 6, no. 6, Dec. 2014. 
[11] X. J. Xie, Y. T. Dai, Y. Ji, K. Xu, Y. Li, J. Wu, and J. T. Lin, “Broadband Photonic Radio-Frequency Channelization Based 
on a 39-GHz Optical Frequency Comb,” IEEE Photonic Tech. L., vol. 24, no. 8, pp. 661-663, Apr. 2012. 
[12] W. S. Wang, R. L. Davis, T. J. Jung, R. Lodenkamper, L. J. Lembo, J. C. Brock, and M. C. Wu, “Characterization of a coherent 
optical RF channelizer based on a diffraction grating,” IEEE T. Microw. Theory, vol. 49, no. 10, pp. 1996-2001, Oct. 2001. 
[13] W. T. Rhodes, “Acousto-optic signal processing: Convolution and correlation,” Proc. IEEE, vol. 69, no. 1, pp. 65–79, Jan. 
1981. 
[14] D. B. Hunter, L. G. Edvell, and M. A. Englund, “Wideband microwave photonic channelised receiver,” Int. Topical Meeting 
on Microw. Photon., pp. 249–251, 2005-Oct. 
[15] S. T. Winnall, A. C. Lindsay, M. W. Austin, J. Canning, and A. Mitchell, “A microwave channelizer and spectroscope based 
on an integrated optical Bragg-grating Fabry-Perot and integrated hybrid fresnel lens system,” IEEE T. Microw. Theory, vol. 
54, no. 2, pp. 868-872, Feb. 2006. 
[16] W. Y. Xu, D. Zhu, and S. L. Pan, “Coherent photonic radio frequency channelization based on dual coherent optical frequency 
combs and stimulated Brillouin scattering,” Opt. Eng., vol. 55, no. 4, Apr. 2016. 
[17] X. H. Zou, W. Z. Li, W. Pan, L. S. Yan, and J. P. Yao, “Photonic-Assisted Microwave Channelizer With Improved Channel 
Characteristics Based on Spectrum-Controlled Stimulated Brillouin Scattering,” IEEE T. Microw. Theory, vol. 61, no. 9, pp. 
3470-3478, Sep. 2013. 
[18] Choudhary, B. Morrison, I. Aryanfar, S. Shahnia, M. Pagani, Y. Liu, K. Vu, S. Madden, D. Marpaung, and B. J. Eggleton, 
“Advanced Integrated Microwave Signal Processing With Giant On-Chip Brillouin Gain,” J. Lightwave Technol., vol. 35, no. 
4, pp. 846-854, Feb. 2017. 
[19] S. Bres, S. Zlatanovic, A. O. J. Wiberg, J. R. Adleman, C. K. Huynh, E. W. Jacobs, J. M. Kvavle, and S. Radic, “Parametric 
Photonic Channelized RF Receiver,” IEEE Photonic Tech. L., vol. 23, no. 6, pp. 344-346, Mar. 2011. 
[20] O. J. Wiberg, D. J. Esman, L. Liu, J. R. Adleman, S. Zlatanovic, V. Ataie, E. Myslivets, B. P. P. Kuo, N. Alic, E. W. Jacobs, 
and S. Radic, “Coherent Filterless Wideband Microwave/Millimeter-Wave Channelizer Based on Broadband Parametric 
Mixers,” J. Lightwave Technol., vol. 32, no. 20, pp. 3609-3617, Oct. 2014. 
[21] X. H. Zou, W. Pan, B. Luo, and L. S. Yan, “Photonic approach for multiple-frequency-component measurement using 
spectrally sliced incoherent source,” Opt. Lett., vol. 35, no. 3, pp. 438-440, Feb. 2010. 
[22] F. A. Volkening, “Photonic channelized RF receiver employing dense wavelength division multiplexing,” U.S. Patent 724 
583 3B1, 2007. 
[23] X. J. Xie, Y. T. Dai, K. Xu, J. Niu, R. X. Wang, L. Yan, and J. T. Lin, “Broadband Photonic RF Channelization Based on 
Coherent Optical Frequency Combs and I/Q Demodulators,” IEEE Photonics J., vol. 4, no. 4, pp. 1196-1202, Aug. 2012. 
[24] Z. Li, X. M. Zhang, H. Chi, S. L. Zheng, X. F. Jin, and J. P. Yao, “A Reconfigurable Microwave Photonic Channelized 
Receiver Based on Dense Wavelength Division Multiplexing Using an Optical Comb,” Opt. Commun., vol. 285, no. 9, pp. 
2311-2315, May. 2012. 
[25] R. Y. Li, H. W. Chen, Y. Yu, M. H. Chen, S. G. Yang, and S. Z. Xie, “Multiple-frequency measurement based on serial 
photonic channelization using optical wavelength scanning,” Opt. Lett., vol. 38, no. 22, pp. 4781-4784, Nov. 2013. 
[26] W. H. Hao, Y. T. Dai, F. F. Yin, Y. Zhou, J. Q. Li, J. Dai, W. Z. Li, and K. Xu, “Chirped-pulse-based broadband RF 
channelization implemented by a mode-locked laser and dispersion,” Opt. Lett., vol. 42, no. 24, pp. 5234-5237, Dec. 2017. 
[27] L. Razzari, D. Duchesne, M. Ferrera, R. Morandotti, S. Chu, B. E. Little, and D. J. Moss, “CMOS-compatible integrated 
optical hyper-parametric oscillator,” Nat. Photonics, vol. 4, no. 1, 41-45 (2010). 
[28] D.J. Moss, R. Morandotti, A. L. Gaeta, and M. Lipson, “New CMOS-compatible platforms based on silicon nitride and Hydex 
for nonlinear optics,” Nat. Photonics, vol. 7, no. 8, 597-607 (2013).  
[29] T. Herr, K. Hartinger, J. Riemensberger, C. Y. Wang, E. Gavartin, R. Holzwarth, M. L. Gorodetsky, and T. J. Kippenberg, 
“Universal formation dynamics and noise of Kerr-frequency combs in microresonators,” Nat. Photonics, vol. 6, no. 7, pp. 480-
487, Jul. 2012. 
[30] J. S. Levy, A. Gondarenko, M. A. Foster, A. C. Turner-Foster, A. L. Gaeta, and M. Lipson, “CMOS-compatible multiple-
wavelength oscillator for on-chip optical interconnects,” Nat. Photonics, vol. 4, no. 1, pp. 37-40, Jan. 2010. 
[31] A. Pasquazi, M. Peccianti, L. Razzari, D. J. Moss, S. Coen, M. Erkintalo, Y. K. Chembo, T. Hansson, S. Wabnitz, P. Del 
Haye, X. X. Xue, A. M. Weiner, and R. Morandotti, “Micro-Combs: A Novel Generation of Optical Sources”, Physics Reports, 
vol. 729, 1-81 (2018). https://doi.org/10.1016/j.physrep.2017.08.004 
[32] M. Ferrera, L. Razzari, D. Duchesne, R. Morandotti, Z. Yang, M. Liscidini, J. E. Sipe, S. Chu, B. E. Little, and D. J. Moss, 
“Low-power continuous-wave nonlinear optics in doped silica glass integrated waveguide structures,” Nat. Photonics, vol. 2, 
no. 12, 737-740 (2008). 
 9 
 
9 
[33] M. Kues, C. Reimer, P. Roztocki, L. R. Cortes, S. Sciara, B. Wetzel, Y. B. Zhang, A. Cino, S. T. Chu, B. E. Little, D. J. Moss, 
L. Caspani, J. Azana, and R. Morandotti, “On-chip generation of high-dimensional entangled quantum states and their coherent 
control,” Nature, vol. 546, no. 7660, 622-626 (2017). 
[34] L. Caspani, C. Xiong, B. Eggleton, D. Bajoni, M. Liscidini, M. Galli, R. Morandotti, David J. Moss, “On-chip sources of 
quantum correlated and entangled photons”, Nature: Light Science and Applications, vol. 6, e17100 (2017); doi: 
10.1038/lsa.2017.100. 
[35] M. Kues, C. Reimer, B. Wetzel, P. Roztocki, B. E. Little, S. T. Chu, T. Hansson, E. A. Viktorov, D. J. Moss, and R. Morandotti, 
“Passively mode-locked laser with an ultra-narrow spectral width,” Nat. Photonics, vol. 11, no. 9, 159–162 (2017). 
[36] C. Reimer, M. Kues, P. Roztocki, B. Wetzel, F. Grazioso, B. E. Little, S. T. Chu, T. Johnston, Y. Bromberg, L. Caspani, D. J. 
Moss, and R. Morandotti, “Generation of multiphoton entangled quantum states by means of integrated frequency combs,” 
Science, vol. 351, no. 6278, pp. 1176-1180 (2016). 
[37] M. Ferrera, Y. Park, L. Razzari, B. E. Little, S. T. Chu, R. Morandotti, D. J. Moss, and J. Azana, “On-chip CMOS-compatible 
all-optical integrator,” Nat. Commun., vol. 1, 29 (2010). 
[38] F. Da Ros, E. P. da Silva, D. Zibar, S. T. Chu, B. E. Little, R. Morandotti, M. Galili, D. J. Moss, and L. K. Oxenlowe, 
“Wavelength conversion of QAM signals in a low loss CMOS compatible spiral waveguide,” APL Photonics, vol. 2, no. 4, 
046105 (2017). 
[39] A. Pasquazi, L. Caspani, M. Peccianti, M. Clerici, M. Ferrera, L. Razzari, D. Duchesne, B. E. Little, S. T. Chu, D. J. Moss, 
and R. Morandotti, “Self-locked optical parametric oscillation in a CMOS compatible microring resonator: a route to robust 
optical frequency comb generation on a chip,” Opt. Express, vol. 21, no. 11, pp. 13333-13341 (2013). 
[40] C. Reimer, M. Kues, L. Caspani, B. Wetzel, P. Roztocki, M. Clerici, Y. Jestin, M. Ferrera, M. Peccianti, A. Pasquazi, B. E. 
Little, S. T. Chu, D. J. Moss, and R. Morandotti, “Cross-polarized photon-pair generation and bi-chromatically pumped optical 
parametric oscillation on a chip,” Nat. Commun., vol. 6, 8236 (2015). 
[41] X. X. Xue, Y. Xuan, H. J. Kim, J. Wang, D. E. Leaird, M. H. Qi, and A. M. Weiner, “Programmable Single-Bandpass Photonic 
RF Filter Based on Kerr Comb from a Microring,” J. Lightwave Technol., vol. 32, no. 20, pp. 3557-3565, Oct. 2014. 
[42] X. X. Xue and A. M. Weiner, “Microwave photonics connected with microresonator frequency combs,” Front. Optoelectron., 
vol. 9, no. 2, pp. 238-248, Jun. 2016. 
[43] T. G. Nguyen, M. Shoeiby, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, “Integrated frequency comb 
source based Hilbert transformer for wideband microwave photonic phase analysis,” Opt. Express, vol. 23, no. 17, pp. 22087-
22097 (2015). 
[44] X. Y. Xu, J. Y. Wu, M. Shoeiby, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, 
“Reconfigurable broadband microwave photonic intensity differentiator based on an integrated optical frequency comb 
source,” APL Photonics, vol. 2, no. 9, 096104 (2017). 
[45] X. Y. Xu, J. Y. Wu, T. G. Nguyen, M. Shoeiby, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, “Advanced 
RF and microwave functions based on an integrated optical frequency comb source,” Opt. Express, vol. 26, no. 3, pp. 2569-
2583, Jan. 2018. 
[46] X. Y. Xu, J. Y. Wu, T. G. Nguyen, T. Moein, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, “Photonic 
microwave true time delays for phased array antennas using a 49GHz FSR integrated optical micro-comb source,” Photonics 
Research vol. 6, no. 5, B30-B36 (2018).  
[47] J Wu, X Xu, TG Nguyen, ST Chu, BE Little, R Morandotti, A Mitchell, David J. Moss, “RF Photonics: An Optical 
Microcombs’ Perspective”, IEEE Journal of Selected Topics in Quantum Electronics 24 (4), 1-20 (2018). 
[48] A Pasquazi, M Peccianti, BE Little, ST Chu, DJ Moss, R Morandotti, “Stable, dual mode, high repetition rate mode-locked 
laser based on a microring resonator”, Optics express 20 (24), 27355-27363 (2012). 
[49] M Peccianti, M Ferrera, L Razzari, R Morandotti, BE Little, ST Chu, David J. Moss, “Subpicosecond optical pulse 
compression via an integrated nonlinear chirper”, Optics Express 18 (8), 7625-7633 (2010). 
[50] S. Coen, H. G. Randle, T. Sylvestre, and M. Erkintalo, “Modeling of octave-spanning Kerr frequency combs using a 
generalized mean-field Lugiato-Lefever model,” Opt. Lett., vol. 38, no. 1, pp. 37-39, Jan. 2013. 
[51] Y. K. Chembo and C. R. Menyuk, “Spatiotemporal Lugiato-Lefever formalism for Kerr-comb generation in whispering-
gallery-mode resonators,” Phys. Rev. A., vol. 87, no. 5, May. 2013. 
[52] H. Guo, M. Karpov, E. Lucas, A. Kordts, M. H. P. Pfeiffer, V. Brasch, G. Lihachev, V. E. Lobanov, M. L. Gorodetsky, and 
T. J. Kippenberg, “Universal dynamics and deterministic switching of dissipative Kerr solitons in optical microresonators,” 
Nat. Phys., vol. 13, no. 1, pp. 94-102, Jan. 2017. 
[53] X. Xue, Y. Xuan, C. Wang, P.-H. Wang, Y. Liu, B. Niu, D. E. Leaird, M. Qi, and A. M. Weiner, “Thermal tuning of Kerr 
frequency combs in silicon nitride microring resonators”, Opt. Express, vol. 24, no. 1, pp. 687-698, Jan. 2016. 
[54] B. Bernhardt, A. Ozawa, P. Jacquet, M. Jacquey, Y. Kobayashi, T. Udem, R. Holzwarth, G. Guelachvili, T. W. Hansch, and 
N. Picque, “Cavity-enhanced dual-comb spectroscopy,” Nat. Photonics, vol. 4, no. 1, pp. 55-57, Jan. 2010. 
[55] T. Ideguchi, A. Poisson, G. Guelachvili, N. Picqué, T. W. Hänsch, “Adaptive real-time dual-comb spectroscopy”, Nat. 
Commun., vol. 5, pp. 3375, Feb. 2014. 
[56] G. Millot, S. Pitois, M. Yan, T. Hovhannisyan, A. Bendahmane, T. W. Hansch, and N. Picque, “Frequency-agile dual-comb 
spectroscopy,” Nat. Photonics, vol. 10, no. 1, pp. 27-37, Jan. 2016. 
 10 
 
10 
[57] M. G. Suh, Q. F. Yang, K. Y. Yang, X. Yi, and K. J. Vahala, “Micro-resonator soliton dual-comb spectroscopy,” Science, vol. 
354, no. 6312, pp. 600-603, Nov. 2016. 
[58] N. G. Pavlov, G. Lihachev, S. Koptyaev, E. Lucas, M. Karpov, N. M. Kondratiev, I. A. Bilenko, T. J. Kippenberg, and M. L. 
Gorodetsky, “Soliton dual frequency combs in crystalline microresonators,” Opt. Lett., vol. 42, no. 3, pp. 514-517, Feb. 2017. 
[59] T. C. Briles, T. Drake, D. Spencer, J. R. Stone, C. Fredrick, Q. Li, D. Westly, B. R. Ilic, X. Yi, K. Y. Yang, K. Vahala, K. 
Srinivasan, S. Diddams, and S. Papp, “Optical Frequency Synthesis Using a Dual-Kerr-Microresonator Frequency Comb,” in 
Conference on Lasers and Electro-Optics, OSA Technical Digest (online) (Optical Society of America, 2017), paper SW4N.3. 
